Detection of Field Winding Faults in Synchronous Motors via Analysis of Transient Stray Fluxes and Currents by Tian, P. et al.
 1 
  
Abstract— The detection of rotor failures in synchronous 
motors is a matter of primordial interest in many industrial sites 
where these machines are critical assets. However, due to the 
particular operation of these motors, most conventional 
techniques relying on steady-state analysis, commonly used in 
other electric machines, are not applicable to such motors. In this 
context, it has been recently proven that the analysis of different 
quantities under transient operation of the motor and, more 
specifically, under motor starting can provide crucial information 
for the diagnosis of many faults.  This work proposes the time-
frequency analysis of stray fluxes and currents to detect field 
winding faults in synchronous motors. The potential consequences 
of this fault can be catastrophic for the motor integrity, so that the 
detection of its presence in its early stages can be of critical 
importance for the industry. The results included in this paper 
prove the usefulness of the transient analysis of such non-invasive 
quantities not only to detect the presence of the field winding fault 
but also to set a starting point to determine its severity. 
 
Index Terms— Synchronous motors, maintenance, fault 
diagnosis, reliability, transient analysis, time-frequency 
transforms, starting, field winding. 
I. INTRODUCTION 
N industry, Synchronous Motors (SM) are not so widespread 
as other rotating electrical machines, such as induction 
motors. However, they often participate in some high output 
applications (typically above 1 MW), in which they are critical 
elements. This is due to the fact that they have some interesting 
advantages that make them an attractive option for those power 
ranges, such as higher efficiency or possibility of power factor 
regulation [1]-[2].  Unexpected failures in such machines can 
lead to production downtimes due to unplanned shutdowns, 
which can yield huge economic losses for the corresponding 
companies [3]. Due to this fact, it is primordial to apply 
predictive maintenance techniques that are able to detect 
potential failures when these are still at their early stages of 
development. The problem is that the research devoted to these 
machines has been much more reduced than that focused on 
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other machines such as induction motors, a fact that has led to 
a scarcity of available techniques for monitoring the condition 
of certain machine parts. 
   One of the parts of the SM that is more sensible to potential 
faults is the rotor. Previous works have proven the possible 
occurrence of different failures in this part of the machine. In 
this regard, damages in the damper cage of SM were reported 
in several works. It was shown there that this element, which 
plays a crucial role for the starting of such machines (enabling 
to start them in an asynchronous manner), among other 
functions, may be deteriorated due to several reasons. In [4]-
[5], a catastrophic failure in the damper of a critical 33MW SM 
was reported. This fault implied a plant shutdown of near four 
weeks as well as losses that amounted for several million €.  
   On the other hand, field winding faults in SM have been also 
reported in other works. The field winding insulation is often 
subjected to hard conditions under operation (centrifugal 
forces, vibrations, contamination, switching transients [6]-[8]). 
All these factors may act together and compromise its integrity. 
The degradation of the interturn insulation may lead to shorted 
turns that may have negative repercussions on the motor 
performance, due to the alteration of the flux distribution and 
nonuniform thermal expansion, together with mechanical 
asymmetry [9]. If the fault gets worse, it may even lead to more 
severe repercussions including forced motor outages.  
   There are some off-line methods that are able to detect shorted 
turns in the field winding (impedance measurement, pole drop 
test, surge oscillography…) [9] but they have important 
practical limitations and must be developed when the motor is 
out of operation, a fact that limits their applicability in many 
machines working under continuous duty cycles.  
   Taking the constraints of offline methods into consideration, 
online techniques have been also proposed over these recent 
years to detect developing failures in the field winding. In this 
regard, methods based on monitoring circulating currents in 
machines with parallel branches in the stator winding [10]-[11], 
vibration spectrum analysis [12], as well as shaft voltage [13] 
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or field winding temperature analysis [14] have been also 
proposed, among other methods. However, none of these 
approaches has been successful enough to be adopted in real 
industrial applications due to their limited applicability or lack 
of reliability. 
   The study of the airgap leakage flux to obtain valuable 
information for the diagnosis of field winding faults in SM has 
been proposed by several authors [15]-[18]. These approaches 
are mainly based on installing internal flux probes near the 
stator slots; their practical implementation has been mainly 
circumscribed to large synchronous generators and their 
reliability has been not demonstrated in a number of cases. 
More recently, the study of the airgap flux under starting has 
been proposed for detecting field winding faults in salient pole 
SM [9]. This method is based on tracking the evolutions of fault 
harmonics of interest in the time frequency analyses of airgap 
flux signals. Although the approach brings the advantage of 
detecting the failure without motor disassembly, still implies 
the intrusive installation of internal sensors for airgap flux 
measurement. 
   The present work proposes the combined application of stray-
flux signals and currents under starting for the detection of field 
winding faults in SM. The joint analysis of these quantities 
brings the additional advantage that is non-intrusive and that, in 
combination, they can enhance the diagnosis reliability.  Time-
frequency analyses of such quantities registered under the 
asynchronous starting of the machine is followed by the 
identification of characteristic signatures created by fault-
related harmonics. Moreover, potential fault severity indicators 
relying on the evaluation of the energy density in particular 
time-frequency regions of the resulting analyses are proposed. 
The results show that the study of these non-invasive quantities 
under starting provides very reliable information for the 
diagnosis of the fault, since it relies on multiple components. 
This confirms the potential of the approach to be implemented 
in portable electric motors condition monitoring devices.  
II. DETECTION OF FIELD WINDING FAULT 
COMPONENTS UNDER STARTING 
Previous works have shown that, in the case of field winding 
faults in SM, some specific components are amplified in the 
airgap flux [9]. More specifically, if appropriate airgap flux 
sensors are installed in the machine, components ff at 
frequencies given by (1) are induced in the electromotive force 
e signal induced by the airgap flux in those sensors, where k1 is 
a positive integer, s is the slip, p is the number of pole pairs of 
the motor and fs is the supply frequency. Following a similar 
reasoning to that carried out in [9], these components would 
also raise in the voltage signal induced in external stray flux 
sensors due to the once per rotor revolution fluctuation caused 
by the local flux that is  produced by the fault loop current in 
the pole with the short circuit.    
𝑓𝑓 = 𝑓𝑠 ± 𝑘1 · 𝑓𝑟 = 𝑓𝑠 · (1 ± 𝑘1 ·
(1−𝑠)
𝑝
)          (1) 
   Moreover, note that, in the case of salient pole synchronous 
motors, the pole saliency effect introduces additional 
components in the spectrum of the electromotive forces (emf) 
induced in the airgap flux sensors, as proven in previous works 
[9]. These components are due to the flux fluctuation that takes 
place every time the salient poles pass the fixed search coil (2p 
times per rotor revolution) and will be also present in the stray 
flux [9]. These components fsa are given by (2), where k2 is 
another positive integer. The components ff and fsa overlap when 
k1=2·p·k2 [9]. 
    𝑓𝑠𝑎 = 𝑓𝑠 · (1 ± 2 · 𝑘2 · (1 − 𝑠))                 (2) 
Both components ff and fsa are slip dependent. Therefore, 
during the asynchronous starting of a SM, as the slip s changes 
(between 1 when the stator winding is fed and near 0 when the 
synchronization takes place after the field winding is supplied), 
they will vary with time. These evolutions yield particular time-
frequency trajectories that were characterized in previous works 
[9]. These theoretical trajectories, extracted with proper time-
frequency transforms, are represented in Fig. 1 for different 
values of k1 and k2. As commented in [9], the components at ff 
that do not overlap with fsa would be only observed at startup, 
while the current is induced in the shorted loop of the field 
winding (i.e. when the rotor speed is different from the 
synchronous speed).  
Note that the time-frequency trajectories depicted in Fig. 1 
correspond to the components present in the emf signals 
induced in internal airgap flux sensors. One of the objectives of 
the present work is to analyze which of these components are 
present in the emf induced by the stray flux in external sensors 
attached to the motor frame. The advantage of considering stray 
flux sensors is that they do not require an intrusive installation, 
as the airgap flux sensors do, and they can be attached at any 
time. 
 
Fig. 1.  Theoretical time-frequency evolutions of the airgap flux components 
linked to field winding faults ff and saliency effect fsa during the asynchronous 
starting of a SM. 
 
On the other hand, some of the components depicted in Fig.1 
are also present in the time-frequency analysis of the stator 
startup current demanded by the SM during the asynchronous 
startup. In this regard, in previous works [5], it was shown that 
the saliency components present at f·(1±2·k·s) will appear. This 
may be also amplified by other faults as damper damages [5]. 
On the other hand, the components given by (1) will also appear 
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in these time-frequency maps in the case  of field winding faults 
but, in this case, they are also particularly sensitive to other 
mechanical problems in the own machine (e.g. misalignments) 
or in the driven load (unbalances) [19].  
III. EXPERIMENTS 
Several tests were carried out in the laboratory in a salient 
pole synchronous machine with the characteristics specified in 
Table I. The complete experimental setup can be seen in Fig. 2.  
The synchronous machine was used as a motor and it was 
started by supplying it directly from the grid by a 3-phase 
adjustable voltage source through a contactor (the own rotor 
core assumed the function of the damper, enabling the 
asynchronous starting). The motor was mechanical coupled to 
an induction machine, used as generator. The simplified 
diagram of the experimental setup is displayed in Fig. 3. 
In order to limit the current in the field winding during the 
starting of the synchronous motor, a starting resistor RS is 
connected to the field winding through a slip ring and brushes 
system (Fig. 3). 
Moreover, this synchronous machine has four poles and the 
connections between them are accessible in a shaft hole. 
Therefore, the inter-turn rotor faults of various severities can be 
performed by the use of a rotating variable fault resistance RF. 
Three different cases where performed: healthy machine, a 
complete pole short-circuited and a partial interturn fault in one 
pole. So, in the first case no resistor was connected (RF = ∞) 
while in the second case, the value of the resistor is zero (RF = 
0). In the last case, a resistor with the same resistance as one the 
pole was used (RF = 2.7 Ω). The connection of the resistor 2.7 






Asynchronous Generator Synchronous Motor  
 
Fig. 3.  Experimental bench simplified electric diagram. 
 
During the starting of the machine the stray flux was 
recorded by two different stray flux sensors (Fig.4). Both 
sensors were attached to the motor frame, close to the stator iron 
core area (see Fig.4). The selected positions were taken as 
optimum for stray flux measurement, considering that the motor 
had a fan in the drive end and the exciter in the non-drive end. 
The first sensor (Fig.4. Coil sensor 1) is an air core coil with 
N1=1000 turns, round shaped, which had an external diameter 
of 80mm and an internal diameter of 39mm. The second one 
(Fig. 4. Coil sensor 2) is an iron core coil, the core of which was 
manufactured with standard E laminations of type EI-60. The 
total dimensions are 60x25x40 mm (length x width x height) 
and it had 200 turns. Further information about this flux sensor 
are detailed in [20]. 
TABLE I   
SYNCHRONOUS MACHINE RATINGS 
Rated power 3.4 kVA 
rpm 1500  
Rated voltage 400 V 
Rated current 5.0 A 
Phase 3  
Rated frequency 50 Hz 
IP 21  
Isolation Class F  
Rated excitation voltage 32 V 
Rated excitation current 2.90 A 
Inertia 0.041 kgm2 
 
Fig. 2.  Experimental bench for the test of the SM. 
 




The first set of starting tests were performed with the 
machine unloaded, that is the induction machine stator was 
disconnected. Consequently, the induction machine only add 
inertia and demands mechanical losses during the starting 
process. The inertia of the motor is 0.015 kgm2 and the 
mechanical losses of the test bench are 325 W at 1500 rpm. 
Furthermore, a set of loaded starting test was performed. In this 
last case, the induction machine terminals were connected to a 
resistive-capacity load and operated as an asynchronous 
generator. In this operation mode, the induction machine is 
magnetized by the capacitors connected in the stator. Therefore, 
there are induced voltages in the stator windings. The generated 
power is controlled by the resistors placed in parallel to the 
capacitors. 
IV. RESULTS: TIME-FREQUENCY PLOTS 
Fig. 5 shows the time-frequency analyses of different 
quantities that were registered during the starting (unloaded 
motor) for three faulty conditions of the tested SM: healthy field 
winding, field winding fault with an added resistance of 2.7 Ω 
and short-circuited pole. For each fault case, the depicted 
analyses correspond to four different quantities: 1) emf  force 
induced by the stray flux in an external air-core flux sensor (coil 
sensor 1), 2) emf  force induced by the stray flux in an iron-core 
flux sensor (coil sensor 2), 3) stator startup current and 4) rotor 
current, all of them under starting. The Short Time Fourier 
Transform (STFT) was employed in this work due to the 
simplicity of the tool and its availability in conventional 
software packages. An optimized window size was adjusted to 
be able to track all expected harmonic evolutions predicted in 
Fig. 1. Note that, at first sight, the durations of the experimental 
startups can look rather, long but this is not a requirement of the 
proposed methodology; previous works have proven that, 
provided by the startup duration is longer than 1 second, the 
methodology is perfectly valid [21] and most industrial motors 
startups  have longer durations. 
A detailed analysis of these time-frequency graphs enables to 
reach the following conclusions: 
- With regards to the time-frequency analyses of the emf 
signal induced under starting in the air-core flux sensor, 
note that the differences between the healthy condition 
and the faulty ones are very evident even at first sight. 
As observed, additional components appear in these 
latter two cases, in comparison with the healthy case. For 
the healthy field winding, note that only the evolutions 
of the family of harmonics caused by the rotor saliency 
(given by (2)) are observed. These are the components 
whose theoretical evolutions were depicted in blue color 
in Fig.1. Especially clear are the components raising for 
k2=-1, k2=+1 and k2=-2. Also, other rotor saliency 
components such as f·(1+2·s) are clearly observed 
(decreasing from 150 Hz to near 50 Hz). Note that for 
the healthy field winding, there are very slight traces of 
the components given by (1) and depicted in red in Fig.1. 
Only the component ff for k1=1 is observable. The 
absence of most of the fault components given by (1) is 
logical, taking into account that the winding is heathy; 
the presence of traces of ff for k1=-1 is justified by the 
fact that this component can be slightly amplified due to 
misalignments or small eccentricities in the machine. 
   For the faulty cases (added resistance of 2.7 Ω and 
short-circuited pole), much more additional evolutions 
appear in the time-frequency maps. Interestingly, many 
components linked with the fault appear and evolve 
according to the theoretical starting evolutions depicted 
in Fig. 1 (red color). More specifically, the evolutions of 
the components obtained from (1) for values of k1=±1, 
k1=±2, k1=±3, k1=±4, k1=±5, k1=±6, k1=±7 and k1=±8 are 
observable. The fact of detecting so many evolutions 
caused by the field winding failure, all of them following 
the predicted evolutions, is a robust evidence of the 
presence of the fault. Note how the intensity of these 
components seems higher for the short-circuited pole 
case, which is indeed the highest fault severity. 
- The graphs corresponding to the time-frequency 
analyses of the emf signal induced under starting in the 
iron-core flux sensor are very similar to those of the air-
core sensor. The main difference relies on the better 
observability of most of the fault components 
evolutions. These are much clearer in comparison with 
the graphs obtained for the air-core sensor. Note, for 
instance, how in healthy condition not only the ff 
component for k1=-1 but also that for k1=+1 (created by 
inherent misalignments/eccentricities) are clearly 
observable. In faulty conditions, the evolutions of all ff 
components for different values of k1 are better 
identifiable than for the previous sensor. This reveals the 
better suitability of this sensor for the tracking of fault 
related harmonics. 
- Regarding the analyses of the stator current under 
starting, the first aspect that should be pointed out is the 
less rich harmonic content of the time-frequency maps 
compared to that of the previous stray flux maps. Much 
fewer harmonic evolutions are detectable both under 
healthy and under faulty conditions, since only some of 
the airgap flux harmonics induce corresponding 
harmonics in the stator current signal. The lower 
harmonic content of the current analyses implies a lower 
amount of information for the diagnosis of the fault, in 
comparison with that obtained from the stray flux 
analyses. 
   On the other hand, note that in the stator current time-
frequency analyses, the saliency components are clearly 
observable for all fault conditions. In this regard, the V-
shaped evolution of f·(1-2·s) and the decreasing 
trajectory of f·(1+2·s) (from 150 Hz to 50 Hz) are clearly 
observable in all cases. The main difference between the 
healthy and fault cases relies on the evolutions of the 
components deduced from (1) for k1=±1 that are visible 
under faulty condition. However, note how the 
amplitudes of these components (denoted by the color 
intensity) is much lower than the equivalent in the stray-
flux maps. On the other hand, note that the evolutions of 
the other components obtained from (1) for higher 
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values of k1 are not clearly visible in the stator current 
time-frequency maps. 
   In general terms it can be concluded that the analyses 
of the emf signals induced by the stray flux (either in air-
core or iron-core sensors) yield much more information 
for the diagnosis of field winding faults than the analysis 
of the starting stator current. 
- Finally, the visualization of the time-frequency maps of 
 
Fig. 5.  Time-frequency analyses of the emf induced in air-core sensor, emf induced in iron-core sensor, stator current and rotor current, all of them under an 
asynchronous starting of an unloaded SM, for: healthy motor (left column), faulty field winding with added resistance=2.7 ohm (middle column) and shorted pole 
(right column). 
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the rotor current under starting also leads to very 
interesting conclusions. On the first hand, the evolution 
of the fundamental component of the rotor current (s·f) 
is clearly visible for all cases: it decreases from the 
supply frequency (f) to almost zero under starting. On 
the other hand, there are two main components that 
appear in the faulty cases but that are absent in the 
healthy case. These are the components obtained from 
(1) for k1=±1 but referred to the rotor reference frame. 
These two components are given by expressions (3) and 
(4), respectively. Note that, under a direct online 
starting, the component 𝑓𝑓
𝑟𝑜𝑡(𝑘1 = 1(−))given by (3) 
decreases from fs (when s=1) to zero (when s=1/3) and 
increases again to fs/2 (when s0). On the other hand, the 
component 𝑓𝑓
𝑟𝑜𝑡(𝑘1 = 1(+))given by (4) evolves 
between fs (when s=1) and fs/2 (when s0). These 
evolutions are clearly visible in the graphs and are clear 
evidences of the presence of the field winding fault. 
        𝑓𝑓
𝑟𝑜𝑡(𝑘1 = 1(−)) =
𝑓𝑠
2
· (3 · 𝑠 − 1)                (3) 
 
                  𝑓𝑓
𝑟𝑜𝑡(𝑘1 = 1 (+)) =
𝑓𝑠
2
· (1 + 𝑠)              (4) 
V. FAULT SEVERITY INDICATORS 
   In order to determine the severity of the failure, fault 
indicators based in the time-frequency analyses of each of the 
considered quantities are proposed in this section. The fault 
indicators are defined on the same basis: a certain area was 
specified in the corresponding time-frequency map and the 
indicator was calculated as the maximum energy density 
(related to that of the fundamental component) detected in that 
area. The definition of the indicator for a generic area A of the 
time-frequency map is given by (5) (where Eni,j is the energy 
density at the (i, j) coordinate of the time-frequency map, t0 and 
tf are, respectively, the initial and final x-samples defining the 
considered t-f area and f0 and ff are, respectively, the initial and 
final y-samples defining to the considered t-f area.   
             𝛾𝐴 = 𝑀𝑎𝑥(𝐸𝑛𝑖,𝑗)𝑖=𝑡0….𝑡𝑓; 𝑗=𝑓0…𝑓𝑓     (5) 
The areas of the time-frequency maps that are considered in 
this work for the calculation of the indicators are those 
shadowed in Fig.6 for the case of the unloaded SM in healthy 
condition and with short-circuited pole, respectively. Note that 
the specified area is trespassed, in each graph, by some of the 
harmonics amplified by the failure and, more particularly, the 
fault component obtained for k1=1 (-) in the case of flux signals 
and stator current and k1=1(+) for the case of rotor currents. 
In this work, the proposed indicator is applied to both stray 
flux and current signals. The results of computing the proposed 
indicator considering the different quantities (emf induced in 
stray-flux sensors, stator current and rotor current) and for the 
different fault conditions (healthy motor, faulty with added RF 
= 2.7 Ω and short circuited pole) are specified in Table II for 
the case of the unloaded SM and Table II (for the loaded SM). 
In both tables, it is observed a clear increment in the value of 
the proposed indicators when comparing between healthy and 
faulty conditions. Note that the increments are very high when 
the indicator is based on stray-flux signals (increments above 
50%), whereas they are not so high when the indicator relies on 
stator or rotor currents. This proves the higher sensitivity of the 
indicator based on the stray flux regardless of the type of flux 
sensor that is employed. 
Figs. 7 and 8 graphically represent the evolution of the 
indicators based on the four quantities for the unloaded SM and 
for the loaded SM, respectively. Note the clear increments of 
all four indicators when comparing between healthy and fault 
conditions. Note that the variation between the values of the 
indicator for the 2.7 Ω fault and the shorted pole is not so 
significant. The reason is that, under steady-state, the fault 
condition 1 (added R=2,7 ohm) would be equivalent to the 
short-circuit of half pole, since half of the current would flow 
through the added resistance. However, under starting (that is 
the regime considered in the paper), the rotor inductance yields 
a current through the resistance that is much higher than half of 
the current. This causes that the fault severity level 1 (added 
 
 
Fig. 6.  Areas for computation of proposed indicators in the time-frequency analyses 
of the: emf induced in air-core sensor, emf induced in iron-core sensor, stator current 
and rotor current, all of them for an unloaded SM under: healthy motor (left ) and 
shorted pole (right). 
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R=2,7 ohm) approaches the fault severity level 2 (shorted pole). 
Even though, the method is clearly able between healthy and 
faulty conditions and even some slight differences are observed 
in the value of the fault indicator for the faulty cases. For all 
load conditions, the indicators based on stray fluxes (iron core 
flux sensor and air core flux sensor) are the most reliable, 
whereas those based on stator or rotor currents are less 
sensitive. This is logical looking at the time-frequency graphs 
depicted in Fig.5 since the fault components derived from (1) 
for k1=1 are much more evident in the maps corresponding to 
the stray flux analyses.  
TABLE II.  
COMPUTATION OF FAULT SEVERITY INDICATORS BASED ON EACH QUANTITY 
FOR DIFFERENT FAULT CONDITIONS (UNLOADED SM) 
 
TABLE III.  
COMPUTATION OF FAULT SEVERITY INDICATORS BASED ON EACH QUANTITY 







Air core flux sensor 8-12 s 30-40 Hz -30.88 
Iron core flux sensor 8-10 s 30-40 Hz -27.04 
Stator current 8-10 s 30-40 Hz -60.27 
Rotor current 8-10 s 30-40 Hz -58.43 
FIELD WINDING FAULT (ADDED R=2.7 Ω) 
Air core flux sensor 8-12 s 30-40 Hz -8.37  (+72.9%) 
Iron core flux sensor 8-12 s 30-40 Hz -10.51 
(+61.1%) 
Stator current 8-12 s 30-40 Hz -46.46 
(+22.9%) 
Rotor current 8-12 s 30-40 Hz -39.33 
(+32.7%) 
SHORTED POLE 
Air core flux sensor 8-12 s 30-40 Hz -7.43  (+75.9%) 
Iron core flux sensor 8-12 s 30-40 Hz -10.35 
(+61.7%) 
Stator current 8-12 s 30-40 Hz -45.81 
(+24.0%) 
Rotor current 8-12 s 30-40 Hz -38.36 
(+34.3%) 
VI. CONCLUSIONS 
   This paper compares the analysis of different quantities under 
starting for the detection of field winding faults in SM. More 
specifically, the analysis of stray fluxes under transient 
conditions is compared with that of stator and rotor currents. 
The idea beyond the proposed approach relies on analyzing the 
aforementioned transient quantities using time-frequency 
decomposition tools, which enable tracking the characteristics 
evolutions of particular harmonics that are amplified by the 
fault. 
   Some of the conclusions that are obtained from the 
application of the proposed methodology are explained next: 
- First, the time-frequency maps resulting from the 
analyses of stray fluxes under starting are much richer 
that those corresponding to stator or rotor currents. This 
logical fact implies that the analyses of stray fluxes can 
provide much more information for the diagnosis of the 







Air core flux sensor 8-10 s 30-40 Hz -32.48 
Iron core flux sensor 8-10 s 30-40 Hz -29.92 
Stator current 8-10 s 30-40 Hz -61.44 
Rotor current 8-10 s 30-40 Hz -57.7 
FIELD WINDING FAULT (ADDED R=2.7 Ω) 
Air core flux sensor 8-10 s 30-40 Hz -13.5  (+58.4%) 
Iron core flux sensor 8-10 s 30-40 Hz -14.99 
(+49.9%) 
Stator current 8-10 s 30-40 Hz -45.3 
(+26.3%) 
Rotor current 8-10 s 30-40 Hz -38.49 
(+33.3%) 
SHORTED POLE 
Air core flux sensor 8-10 s 30-40 Hz -13.37  
(+58.84%) 
Iron core flux sensor 8-10 s 30-40 Hz -14.45 
(+51.7%) 
Stator current 8-10 s 30-40 Hz -44.74 
(+27.2%) 





Fig. 7.  Evolution of the proposed indicator for the four different quantities under 
different fault conditions for the unloaded SM. 
 
 
Fig. 8.  Evolution of the proposed indicator for the four different quantities under 
different fault conditions for the loaded SM. 
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- In line with the previous fact, the proposed fault severity 
indicators based on stray fluxes under starting are much 
more sensitive than those based on currents. This also 
gives a higher attractive to this quantity. 
- The results concerning analyses of stray fluxes are quite 
similar for both sensor configurations used in this work 
(air core vs. iron core), both with regards to the content 
of the time-frequency maps and the sensitivity of the 
stray-flux based indicators. This aspect that confers 
generality to the obtained results.  
- The proposed approach is quite robust since it can be 
based on the detection of the evolutions of the multiple 
components amplified by the fault. In particular, the 
components derived from (1) for k1=±1 seem the most 
reliable since they yield the clearest evolutions under 
faulty conditions and are the components which suffer 
the highest amplification when the fault is present. 
The proposed methodology is intended to be useful in those 
applications in which the motor is started with certain 
frequency. In these cases, the analyses of the considered 
quantities under starting may be useful to inform on the 
presence of field winding fault. The application of time-
frequency tools to such quantities can be carried out in very 
short times, provided the high computation capabilities of the 
microprocessors that are available nowadays, which are much 
greater than years ago, when the computation of these 
transforms yielded too long computational times. 
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